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LONG-TERM GOALS

To developdata-assimilatingapabilityfor HY COM, the hybrid versionof Universityof Miami’'s
Isopycnic CoordinateOceanModel. This projectis onecomponenbf the NOPPconsortiunmfor
developingadata-assimilatingceanmodelbasedn a hybrid verticalcoordinate Thefocusof this
componenhasbeenon theassimilationof in situ hydrographialatato correctthe modelstate.

OBJECTIVES

a) To developa methodologyfor assimilatingemperaturgrofilesfrom XBTs thataccommodatethe
peculiaritiesof the hybrid systemof verticalcoordinatesallowing densityto be correctedat fixed
pressurdevelswherethe coordinatas pressure-lik, allowing interfacepressureso becorrectedvhen
the coordinatds density-like, andallowing bothto be correctedn thetransitionzone.

b) To compareghe model-stat¢o obsenationsandto infer error statisticsandinfluencefunctions.
c) To developcodedfor implementinghis methodology
d) To preparea HYCOM-basedeanalysiof archved XBT data.

e) To provide theframevork for aHY COM-basedceanidorecastsystem.
APPROACH

Companiorsalinity profilesareto be estimatecandusedto estimatedensityprofilesfrom which data
for layerinterfacepressuresndlayerpotential-densitiesanbe obtained At first, errorstatistics,
which governthe natureof the data-basedorrectiongo the modelstate areto be postulatedsothat
assimilationcodescanbe madefunctional;later, they areto be basedon model-datacomparisonsThe
methodis to be sufficiently flexible to allow for incorporationof othertypesof data,in particularthose
from satellite-basedbsenations.

WORK COMPLETED
a) Thedesignfor the data-assimilatiomethodologyexistsandis beingtestedandimproved.

b) The preprocessingystemo estimatecompaniorsalinity profilesandlayer/interbicevalueshasbeen
implementedBiaseshave beenidentifiedasbeingcausedy useof climatologicalsalinity. Efforts are
undervay to obtainthe Navy's climatologyof temperature-salinityelationshipsywhich shouldoffer
improvementby allowing departure$rom climatologicalsalinity to be estimatedrom obsered
departuresrom climatologicaltemperature.

c) Initial estimate®f modelanddataerrorshave beenimproved,but morework is neededn this area.
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Figurel: Left: Upper 400 meters along 3W for 1972 from the Atlantic 1.4 HYCOM model without
data assimilation. Shade of blue indicates potential density; black curves, interface pressure;
magenta potentialtemperaturg(2°C spacing);green,salinity (0.2 psuspacing);yellow, bottomof the
mixed layer. Right: Mercator projection of grid with map overlay and with colors indicating basin
depths of up to 6000 meters.

d) Needto identify watertype andrelationshipof datato locationsof frontsandeddieshasbeen
recognizedasbeingimportantfor makingintelligentuseof the data.

e) A paperdescribinghe problemof model-data-errocompatibilityhasbeensubmittedfor publication.

f) A preliminaryreanalysiof Atlantic XBT datafor thetwenty-yeaiinterval 1972-199hasbeen
completedanda paperdescribingheresultsis in preparation.

RESULTS

HYCOM haslayersthataredensity-like (specifiedpotentialdensity)at depthswherethe oceanis
stratifiedandpressure-lik (specifiedhickness)vhereit is well mixed,smoothlychangingrom one
aspecto theother(left panel,figure 1); the Atlantic modelwith 1.4-degreeresolution(right panel,
figure 1) providesthe contet for development.The seasonatycle of the mixedlayerandupper
thermoclinerequireghatthe natureof thelayerschangebothwith time andwith location. While this
formulationoffersadvantagedor modeling,it alsoimposeschallengedor dataassimilation We must
determinghenatureof thelayersfrom datain orderto know how the modelstateneedgo be corrected.

Thefocusof this sub-projechasbeenontheuseof XBT data,because¢hey comprisethebulk of thein
situ dataandbecausehey provide the mostdirectinformationaboutthe verticalstructureof the ocean
andthusaboutthe natureof the hybrid layers.The designthathasbeendevelopedaddressethisissue
directly. TheXBT dataarefrom AOML’s GlobalOceanObservingSystem(GOOS)Center(left panel,
figure2). Theultimategoalis to useall typesof data,combiningthe horizontalinformationprovided
by satellite-basedbsenationswith theinformationaboutverticalstructurefrom in situ soundings.

Unfortunatelydensityis notdirectly obsered,noris salinity, which togethemwith temperature
determineslensity To infer wherelayerinterfacesshouldbe, a salinity stratgy is necessaryFor



expedieng, sothatotheraspect®f the projectcanprogresssalinity is beingestimatedrom the
climatologicalmeanconditionsfor thelocationandtime of year Suchestimategail to accountfor the
co-variability of salinity with temperatur@ndcancausesignificanterrorsin the estimatedlepthat
which the models potential-densityayersshouldbe situated Efforts areundervay to obtainthe
Navy’s TS climatologysothatthe salinity estimatesanbeimproved(right panel figure 2). Still better
estimatesnight beachieved (HanserandThacler, 1999)but to do sowould requirea separat@roject.

80W 60W 40W 20W 0
I I

I I I I I
February 1982 March 1982

35.0 35.2 35.4 35.6

salinity (practical salinity units)
|

100 ! R

Aug 1972 (39.9N,46.4W) g i

latitude (degrees)
depth (meters)

2004 = ----- from HYCOM control run”~ i {g { -
] ! § 17
1 BL
~ computed using MODAS salinity i ¥

300

: i ; : A
computed using WOA mean salinit}‘/ ) n
I

) ;
400 — layer indices shown at minimum loWer-interface depths\ —
i i

| 1 |
\ \ \ \ \
24 25 26 27 28

80W 60W 40W 20W 0 80W 60W 40W 20W O

longitude (degrees) potential density anomaly (kilograms per cubic meter)

Figure2: Left: Magenta squares mark locations of grid cells with data to be assimilated by month for
the year 1982. Number of casts for the month and the number of cells sampled are indicated in the
southwest corner of each panel. Right:Different estimates of salinity can strongly influence the
inference of layer depth from XBT data. Solid green curve indicates unusually cold conditions for
grid cell centered at 39N, 46.4W, broken green curve indicates excessively warm control-run
counterparts.Solid magentacurve is climatologicalmeansalinity for that location; dottedmagenta
curve is salinity estimated by MODAS using climatological TS relationships. Solid black curve is
potential-densityanomalyestimatedrom climatologicalsalinity; dottedbladk curve, estimatedrom
MODAS salinity; broken black curve, potential density from HYCOM control run. Vertical cyan
linesindicatetargetvaluesof potential-densityanomalyfor the modellayers;layerindicesare shav
at the minimum depths of the layers’ lower interfaces.

Thedatawithin thedomainof the 1.4° Atlantic HYCOM domain(30Sto 70N) have beenpre-processed
to give model-rel@antvalues.depthsandthicknessesf themodelslayersandlayeraveragedotential
densitiesandpotentialtemperaturesA variety of techniquegsee for example,Malanotte-Rizzoli,
1996),mostof which arebasedn the error statisticsof the modelstate canbeusedto assimilatehe
data.Theapproachakenhereis to maintainflexibility, usingsimple,easyto implementmethodsn the
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Figure 3: Climatological potential temperature (C) égr= 27 kg/m?: from HYCOM simulationwith-

out dataassimilation(lower left); averageconditionsimmediatelybeforeassimilatingdata(upperleft);

immediatelyafterassimilatingdata(upperright); from Hydrobaseclimatology(lower right). The color
bar at the right indicatesthe color-codedvaluesof potentialtemperaturen the maps;white indicates
absencef theo, = 27 kg/m? surfacefor the entire20-yearsimulationor for theentiredatarecord.

beginningwhile allowing for increasingsophisticationn thefuture. Codesmplementingsequential
optimalinterpolationhave beenpreparedo assimilatehesedataat monthlyintervals,asthe objectve

is to provide a model-base@dnalysisof the month-to-monthevolution of the stateof the ocean Because
earlysimulationshave focusedmoreon gettingthe hybrid modelworking thanon model-data
comparisonsietailsof theerrorcovariancesarenotyet suitedto inferring influencefunctionsfor
spreadinghe correctionsaway from theobsenations.As the projectprogressesnoreemphasiwill be
placedon the statisticalbasisof the corrections.Theimmediateneedis to assestheimpactof the
correctionsonthe modelstateandto determinewvhetherary alterationsareneededn thedesign
concept.

TheAtlantic XBT datafor 1972-199have beenassimilatednto the modelandprovide a significant
correction(figure 3). Thedatavoid nearGreenlandn thelower-left panelindicateghat,theo, = 27
kg/m? potential-densitgurfaceis not presentn the HY COM simulationat ary time of yearwithout
assimilationhowever assimilation(lupperpanels)ringsthe simulationinto muchcloseragreement
with the Hydrobasasopycnic climatology Similarity of thetwo upperpanelsndicateshat,between
monthlyassimilationsthereis little tendeng for the modelto regresstowardtheuncorrecteanean
conditions.TheassimilatedXBT datacausehe modeltemperaturéo bea bit warmerthanclimatology
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Figure4: ClimatologicalpressurgMPa) for o, = 27 kg/m?: from simulationwithout dataassimilation
(lower left); averageconditionsimmediatelybefore assimilatingdata (upperleft); immediatelyafter
assimilatingdata(upperright); from Hydrobaseclimatology(lower right).

This differenceis dueto differencesn thetemperature-salinit§TS) make-upof the o, = 27 kg/m?
water which aremostlik ely causedy failureto presere the TS relationshipduringassimilation
(figure 2 right). This conclusionis supportedy thefactthatthe correctedr, = 27 kg/m® surfaceis a
bit too shallav in comparisorwith Hydrobaseclimatology(figure 4), suggestinghatthe companion
salinity profilesshouldbe somavhatfreshey asthis would make the densityless,puttingtheoy, = 27
kg/m? surfacedeeperCorrectingthe salinity estimatesvill beafocusof futurework.

IMPACT/APPLICATIONS

Thisresearclshouldleadto afacility for producingmodel-base@dnalyse®f hydrographidata.
Low-resolutionanalysesanbeusedto provide initial conditionsfor high-resolutiormodelsandfor
studyingclimate.At highresolution this approactcanbe extendedo incorporatedetailedhorizontal
informationprovidedby satellite-basedbsenations.

TRANSITIONS

Theassimilationcodeshatareunderdevelopmeniwill be madeavailableto thewider oceanographic
communityasa partof the HY COM modelingfacility.



RELATED PROJECTS

This projectis onecomponenbf the NOPPconsortiumfor developinga data-assimilatingcearmodel
basedon a hybrid verticalcoordinate.
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